Background: Agitation poses a significant challenge in the treatment of schizophrenia. Electroconvulsive therapy (ECT) is a fast, effective and safe treatment for a variety of psychiatric disorders, but no meta-analysis of ECT treatment for agitation in schizophrenia has yet been reported. Aims: To systematically evaluate the efficacy and safety of ECT alone or ECT-antipsychotics (APs) combination for agitation in schizophrenia. Methods: Systematic literature search of randomized controlled trials (RCTs) was performed. Two independent evaluators selected studies, extracted data about outcomes and safety with available data, conducted quality assessment and data synthesis. The Grades of Recommendation, Assessment, Development, and Evaluation (GRADE) was used to judge the level of the overall evidence of main outcomes. Results: Seven RCTs from China, including ECT alone (4 RCTs with 5 treatment arms, n=240) and ECT-APs combination (3 RCTs, n=240), were identified. Participants in the studies were on average 34.3(4.5) years of age and lasted an average of 4.3(3.1) weeks of treatment duration. All 7 RCTs were non-blinded, and were rated as low quality based on Jadad scale. Meta-analysis of the pooled sample found no significant difference in the improvement of the agitation sub-score of the Positive and Negative Syndrome Scale (PANSS) when ECT alone (weighted mean difference=-0.90, (95% confidence interval (CI): -2.91, 1.11), p=0.38) or ECT-APs combination (WMD=-1.34, (95%CI: -4.07, 1.39), p=0.33) compared with APs monotherapy. However, ECT alone was superior to APs monotherapy regarding PANSS total score (WMD=-7.13, I 2 =0%, p=0.004) and its excitement sub-score (WMD=-1.97, p<0.0001) as well as the PANSS total score at 14 days (WMD=-7.13, I 2 =0%, p=0.004) and its excitement sub-score at 7 and 14 days (WMD=-1.97 to -1.92, p=0.002 to 0.0001) after ECT. The ECT-APs combination was superior to APs monotherapy with respect to the PANSS total score at treatment endpoint (WMD=-10.40, p=0.03) and 7 days p=0.02). Headache ( number-neededto-harm (NNH)=3, 95%CI=2-4) was more frequent in the ECT alone group compared to AP monotherapy. According to the GRADE approach, the evidence levels of main outcomes were rated as ''very low'' (37.5%) and "low" (50%). Conclusion: Pooling of the data based on 7 RCTs from China found no advantage of ECT alone or ECT-APs combination in the treatment of agitation related outcomes in schizophrenia patients. However, ECT alone or ECT-APs combination were associated with significant reduction in the PANSS total score. High-quality RCTs are needed to confirm the current interpretations.
Introduction
Agitation, excessive motor and/or verbal activity, characterized by excitement, restlessness, and psychic and motor tension, is common in patients with schizophrenia. Agitation can escalate into aggressive behavior leading to high risk of injury for patients, relatives or staff. [1] [2] [3] Furthermore, agitation increases the frequency of patient emergency department visits with further negative consequences. [4] In order to minimize the risk posed to self or others, agitated patients should be managed, first and preferably by non-pharmacological interventions such as environmental and behavioral modification, and secondly by pharmacological agents. [3] [4] [5] However, in most cases the management of agitation largely depends on pharmacological agents, [6] mainly benzodiazepines and antipsychotics (APs) with their well-known adverse effects particularly if they are administered repeatedly. [1, 3] Electroconvulsive therapy (ECT) is a fast, effective and safe treatment for a variety of psychiatric disorders. [7] Use of ECT for acute or even prolonged agitation has received scant attention in contemporary literature and it appears that ECT is hardly ever used for this purpose in developed countries. However, ECT remains an option for agitation or aggression in China and developing countries. [8] There have been a number of studies published in China, including randomized controlled trials (RCTs) [9] [10] [11] [12] [13] [14] [15] to compare the efficacy of ECT alone or the ECT-AP combinations to AP monotherapy with conflicting results.
To the best of our knowledge, no systematic review or meta-analysis of ECT treatment for agitation in schizophrenia has been published. This was the impetus for this meta-analysis concerning the efficacy and safety of ECT treatment for agitation in schizophrenia.
Methods

Selection of studies
According to PICOS acronym, the inclusion criteria were: Participants (P): adult schizophrenia patients (≥18 years) with agitation. Intervention (I): ECT alone and ECT-AP combination. Comparison (C): AP monotherapy. Outcomes (O): primary outcomes were the improvement of agitation related outcomes at lastobservation-carried-forward (LOCF) study endpoint measured by the Positive and Negative Syndrome Scale (PANSS), [16] Brief Psychiatric Rating Scale (BPRS), [17] and any other scales or sub-scales or item for agitation: 1) total psychopathology scores, 2) the excitement subscores, and 3) the agitation sub-scores. Key secondary outcomes included early symptomatic improvement (at 1, 3, 7, and 14 days), rate of all-cause discontinuation and patient-reported adverse events. Study design (S): RCT with available data. The exclusion criteria were case series, non-randomized studies, and non-original research (reviews and meta-analyses). 
Search strategy
Data extraction
Two independent evaluators (GXJ and ZW) selected studies, extracted data, conducted quality assessment and data synthesis. Any inconsistencies were resolved by discussion to reach consensus or involvement of a third reviewer (XYT).
Data synthesis and statistical analyses
Clinical outcomes were based on intent-to-treat (ITT) analysis, if available. The meta-analysis was performed using Review Manager (version 5.3) according to the recommendations of the Cochrane Collaboration. [18] To combine studies, the random effects model [19] was used in all cases. For continuous data and dichotomous data, weighted mean differences (WMDs) associated with their 95% confidence intervals (CIs) and risk ratio (RR) ±95% CIs were calculated, respectively. We reported the number-needed-to-treat (NNT) or number-neededto-harm (NNH) calculated by dividing 1 by the risk difference as soon as RR was significant. One study [11] from the 'ECT alone' group had three study arms. According to the methodology of prior meta-analysis, [20] we should include each of the 2 ECT arms separately in one RCT [11] with 3 treatment arms. Furthermore, the APs monotherapy arm was included twice in the analysis, but half of all patients were randomized to each AP arm in order not to inflate the number of patients in the APs monotherapy arm.
In case of I 2 ≥50% for the effect of primary outcome on the PANSS total score, a sensitive analysis was conducted by excluding one outlying study [15] with an outlying effect size (ES) of less than -1.24 (i.e.,
• 3 • more than 1.24 standard deviation superiority of ECT-AP combination) in the 'ECT-AP combination' group. Furthermore, subgroup and meta-regression analyses were conducted to detect the sources of heterogeneity, if possible. Publication bias was assessed using funnel plots and Egger's test. [21] All statistical differences were considered significant when p<0.05.
Assessment of study quality
The Cochrane risk of bias [18] was used to assess the quality of each study. Furthermore, the quality of each study was also assessed with the Jadad scale that assesses study quality on a 5-point scale along the following five domains: "randomization," "double blinding," "description withdrawals and dropouts," "generation of random numbers," and "allocation concealment". [22] The criteria of high and low quality were defined as Jadad score ≥4 and <4, respectively.
Clinical evidence recommendation
The grading of recommendations assessment, development, and evaluation (GRADE) system [23] was used to judge the quality of clinical evidence recommendations of the meta-analytic results of ECT for agitation in schizophrenia.
Results
Results of the search
Altogether 133 potentially relevant articles from English (n=96) and Chinese databases (n=37) were identified; duplication excluded 14 studies. Of the remaining 119 entries, 112 were determined to be irrelevant after review of the titles and abstracts, a further 7 were removed on the basis of full text review. Finally, 7 RCTs with 8 treatment arms met the selection criteria for the meta-analysis (Figure 1 ).
The characteristics of included studies
The seven RCTs lasted an average of 4.3(3.1) weeks (range: 2-8 weeks; median: 2 weeks). The total number of participants in all the studies was 480 (range: 30-100, median: 60). All the RCTs that met our inclusion and exclusion criteria were thus included in the metaanalysis had been conducted in China. Aggregating data across all the reviewed trials: there were 240 patients in ECT monotherapy vs. AP monotherapy (n=135 vs. n=105) comparison and 240 patients in the ECT-AP vs. AP monotherapy (n=120 vs. n=120) comparison (Table  1) ; patients were on average 34.3(4.5) years old (range: 31.9-43.5 years; median: 32.5 years) in 6 RCTs with available data; 57.6(14.2)% were males (range: 40.0%-80.0%; median: 56.7%); and the mean illness duration with available data (6 RCTs) was 2.7(2.7) years (range: 0.02-6.1 years; median: 2.2 years).
Assessment of risk of bias and quality assessment
The Cochrane risk of bias was presented in Table 2 . 85.7% (6/7) RCTs only mentioned "random" assignment, lacking a detailed description of the method of randomizing and thus were rated as unclear. However, only one RCT [13] using random assignment according to the random number table was rated as low risk. Given that all included studies were open label, the allocation bias, performance bias, and detection bias were rated as high risk. None of the included RCTs presented the study registration materials, which limited us to determine whether or not there was selective reporting (i.e., reporting bias). Furthermore, it was impossible to judge the other types of biases (e.g., drug company sponsorship of the study) due to lack of available evidence. Overall, 7 included RCTs suffered from high risk of bias and were considered as relatively lowquality studies. The Jadad score was 2.0(0.6) (range=1-3, median=2) ( Table 1 ). All RCTs were rated as low quality (Jadad score < 4). Due to pooling of data, less than 3 RCTs with 4 treatment arms were in all forest plots, thus funnel plot analysis to show the presence of risk of publication bias could not be conducted.
The improvement of agitation related outcomes
There were differences between the ECT alone vs AP (4 RCTs with 5 treatment arms) and ECT-AP vs AP (3 RCTs) groups. Moreover, the improvement of agitation related outcomes were measured using PANSS in all included RCTs.
ECT alone vs AP: ECT alone was superior to AP monotherapy with respect to PANSS total score (WMD=-7.13, (95%CI: -11.99, -2.27), I 2 =0%, p=0.004, Figure  2 ) and excitement sub-score (WMD=-1.97, (95%CI: -2.87, -1.08), I 2 =0%, p<0.0001, Figure 2 ), but not in the agitation sub-score (WMD=-0.90, p=0.38); ECT alone was superior to AP monotherapy in PANSS total score at 14 days (WMD:-7.13 (95%CI:-11.99, -2.27), p=0.004; I 2 =0%, Supplemental Figure 1 ), but not at 1 and 7 days (WMD:-5.23 to -7.13 (95%CI:-16.86, 4.25), p=0.06 to 0.24; I 2 =0% to 77%, Supplemental Figure 1 ). Furthermore, subgroup and meta-regression analyses could not be performed due to the limited number of RCTs.
Furthermore, ECT alone was superior to AP monotherapy in PANSS excitement sub-score at 7 and 14 days (WMD:-1.97 to -1.92 (95%CI:-3.14, -0.71), p=0.002 to 0.0001; I 2 =0%, Supplemental Figure 2 ), but not at 1 day after ECT treatment (WMD:-1.92 (95%CI:-4.00, 0.17), p=0.07; I 2 =35%, Supplemental Figure 2 ). Among the ECT alone studies one RCT [10] used Clinical Global Impression (CGI) and found an advantageous improvement of psychiatric symptoms in the ECT group at 7 and 14 days.
ECT plus AP vs AP: Regarding the PANSS total score, the ECT-AP combination was superior to AP Figure 3 ), but not in the excitement and agitation sub-scores (WMD=-1.06 to -1.34, p=0.33 to 0.37). The significant difference between the two groups in the PANSS total score disappeared after one outlying study [15] was removed (WMD:-4.23 (95%CI:-8.89, 0.43), p=0.08; I 2 =76%). Furthermore, subgroup and metaregression analyses could not be performed due to the limited number of RCTs.
Furthermore, adding ECT to AP was superior to AP monotherapy at 7 days for the PANSS total score (WMD=-5.01, (95%CI: -9.37, -0.66), I 2 =14%, p=0.02, Figure 4 ), but not to PANSS total score (p=0.15), excitement (p=0.35) and agitation sub-scores (p=0.44) at 14 days (Figures 4).
Side effects and discontinuation rate
The Treatment Emergent Symptom Scale (TESS) was generally used to assess adverse drug reactions (ADRs) in these RCTs however such data were not available in 1 RCT (Table 1) . None of the included RCTs reported the rate or cause of treatment discontinuation.
ECT alone vs APs: Headache (p=0.0001, NNH=3, 95%CI=2-4) was the only ADRs more frequent in the ECT alone group compared to AP monotherapy (Supplemental Figure 3) . There was significantly less akathisia (p=0.02, NNH=8, 95%CI=5-17) and electrocardiogram changes (p=0.05) with borderline significance in the ECT alone group compared to the AP group. Meta-analysis of uroclepsia, weight gain, upper Peng et al 2014 [13] 80 -Open label -Inpatients (100) • Peng et al 2014 [13] low high high high low high unclear
Yang et al 2005 [9] unclear high high high low unclear unclear
Guo et al 2009 [10] unclear high high high low unclear unclear
Li 2015 [14] unclear high high high low unclear unclear
Yuan et al 2012 [12] unclear high high high unclear unclear unclear
Shen et al 2011 [11] unclear high high high unclear unclear unclear
Figure 2. ECT alone for agitation in schizophrenia: forest plot for the Positive and Negative Syndrome Scale (PANSS) total score and its PANSS excitement and agitation sub-scores at endpoint
• 7 • respiratory infections, tremor, dry mouth, insomnia, and electroencephalography changes did not differ between the groups (Supplemental Figure 3) . ECT plus AP vs AP: Only two RCTs [9, 13] reported the ADRs without meta-analyzable data.
Clinical evidence recommendation
Clinical evidence recommendation of the main metaanalytic outcomes based on the GRADE approach showed some limitations of risk of bias, inconsistency and publishing bias, and no obvious indirectness or imprecision. According to the above assessments, the quality of evidence of 8 outcomes presented in Table 3 and ranged from ''very low'' (37.5%), "low" (50%), to ''high'' (12.5%).
Discussion
Main findings
Despite a systematic literature search in both English and Chinese-language databases, we only identified 7 RCTs with 8 treatment arms that examined the efficacy and safety of using ECT for the treatment of agitation in 480 patients with schizophrenia who are currently using APs. All included RCTs were open label and the assessment of outcomes was not blinded in all trials. Furthermore, the quality of all included RCTs was rated as 'low quality' based on Jadad scale. Overall, the results suggest that both ECT alone and the ECT-AP combination over 2 to 8 weeks had superior efficacy to AP monotherapy regarding the reduction in PANSS total score, but not in the agitation sub-score. ECT and ECT-AP combination were both safe and well tolerated. The reduction in the total PANSS score with ECT alone was superior to AP monotherapy as early as at 1 day with a moderate effect size of -0.52, which increased to a relatively larger effect size of -0.60 after 14 days. The ECT-AP combinations were significantly superior to AP monotherapy with respect to PANSS total score at 7 days with a small effect size of -0.36. However, 35 patients reported headache (38.9% vs. 0% on APs monotherapy, NNH=3), which was significantly more common in the ECT alone group. These adverse effects were transient and mild. [10, 11] 
Limitations
Several limitations need to be acknowledged. First, 7 RCTs (100%) reviewed were rated as low quality and the strength of the evidence for 87.5% outcomes was rated as "very low" or "low" according to the GRADE approach. However, strong recommendations does not necessarily imply high quality evidence and low quality evidence can still result in strong recommendations. [23] Further, the RCTs were inconsistent in their methodology with respect to sampling and the delivery of ECT and the type and dose of antipsychotic medications. Subgroup analyses and meta-regression cannot be employed to lessen the heterogeneity of primary outcomes. Second, data regarding the cognitive effects of ECT were not systematically assessed in the included studies. In addition, agitation, the target symptom in this study, was evaluated with a single item in the PANSS, rather than with a standardized rating scale. Furthermore, some more variables potentially associated with agitation, such as the quality of care and patients' education, were not assessed in included studies. Third, treatment adherence was not routinely assessed or reported. In particular, the ECT dose-response effects on agitation when used as monotherapy or/and cotreatment in agitation patients with schizophrenia, definitely needs to be more fully evaluated. Finally, all studies were conducted in China thus the findings need to be replicated in other countries.
Implications
Although this paper included 7 low quality RCTs with small samples and the methodological limitations [23] identified, the thorough methodology of this metaanalysis included the assessment of quality using the Cochrane risk of bias, [18] Jadad scale [22] , and GRADE system. [23] The heterogeneity of PANSS total score assessed by I 2 decreased from 93% to 76% after removing one outlying study; [15] in addition, the significance disappeared, which could be due 
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• 9 • to the decreased sample size thereby reducing the power detecting significant results. The previous meta-analyses [24] [25] supported our interpretation that adjunctive ECT can be an efficacious treatment for improving total psychopathology in schizophrenia patients. Agitation poses a significant challenge in the treatment of schizophrenia.
[1] However, the current meta-analysis of 7 relatively low quality RCTs showed that both ECT alone and the ECT-AP combination are ineffective treatments for agitation in 480 Chinese schizophrenia patients. This meta-analysis indicates that other symptoms (e.g. hallucination, delusion, etc.) maybe respond better to ECT when compared with agitation related outcomes in schizophrenia patients.
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